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others, to formulate very concisely the major effects of turbulence on the direction and velocity of the winds so affected, that is, all those of the lower atmosphere. To this end it will be convenient (though there are other ways of arriving at the same result) to take over the equations of Ekman's oceanographic paper1 and, by turning the s-axis up into the air, solve for winds, instead of, as his problems demanded, down into the water for the ocean drift.
Ekman Spiral.—Ekman assumed a straightaway wind blowing over an initially quiet body of water of great extent and considerable depth, and found what would be the resulting movements of the water on the attainment of a steady state. In what follows the atmosphere will be considered at rest, with reference to the solid earth, with a broad straightaway current of water (or drift of land surface, prairie sod, say) flowing under it, and the resulting steady-state movements of the air determined. Clearly, the two problems, the effect of wind on water drift, and of a water current on air drift, are identical, except as to the numerical values of certain constants. Hence the equations used by Ekman in the solution of the ocean drift problem may be taken over without change for the solution of the similar wind problem. Clearly, too, the final results will be directly applicable to all steady winds, whether over land or over water, for a wind is only motion as between earth and air.
Mathematical Theory.—Let the origin of the rectangular coordinates Xj y, and z be on the surface (land or water) of the earth, z being vertical and positive upwards, and the positive direction of y 90° counter-clockwise from the positive direction of x, as seen from above. Let
u, v — the velocity components of the air drift in the directions of x, y\ X, Y = the x, y components of extraneous forces per unit cube of the air;
p — the density of the air, regarded constant, which it is, roughly, through at
least the first half kilometer;
jj, = the coefficient of drag, or eddy viscosity, of the air, considered constant through the eddy layer—an allowable first approximation—and, by definition, the drag per unit area between two parallel layers of the medium a unit distance apart moving past each other with unit velocity. i = the time.
Then, in the northern hemisphere (or, with proper change of signs, the southern),
X = 2pvu sin p]                           Y = —2puu sin <p,
in which o> is the angular velocity of the earth's rotation, and p the latitude.
Furthermore, since the drag-producing velocity is the relative velocity of superjacent layers, it evidently is equal to
1 Loc. cit.

